The issue of better management for tropical inland fisheries has become one of the major problems for Indonesia. For the decision-makers, the question of to whom to assign property rights is difficult because it involves an assessment of who can use the resource in the best interests of society. Practically, a major problem confronting management policies is how to determine the type and level of control which government should apply to fisheries in order to achieve the objectives of maintaining the flow of benefits derived from the fishery and improving the productivity of the resource on a sustainable basis. To deal with those issues, one possible approach is to formulate an appropriate management strategy for the resource through developing a model which can combine biological and economic aspects of the fishery. This approach has been widely defined as a bioeconomic approach. This paper discusses the potential of the model to measure the economic benefits of the fishery.
INTRODUCTION
South Sumatra province of Indonesia has important rivers, such as the Musi, Ogan and Komering.
According to Kaida (1980) , the hydrological condition of the province shows an extensive, swampy and constricted river basin. The temperature ranges from 21.5 to 32.7oC. Rain falls throughout the yearwith the exception of a short dry period of 2-4 months. Rainfall averages 213 mm per month (1,500 to 3,200 mm per year). Humidity ranges from 82 to 91 per cent. Total population of the province was recorded at 6.66 million (BPS 1995) , with a Gross Domestic Product(GDP) at current market prices rose from 3,438 billion Rupiah in 1983 to 1 1,050 billion Rupiah in 1993 . During 1983 -1993 , the region achieved a continuous increase in GDP with the agricultural sector contributing 18.4 percent of total GDP in 1993, and fisheries sub sector contributing 2.0 per cent. However, the fishery is considered an important sector for the region because of its significant contribution as a source of income, employment and animal protein in the diet of many households, both in rural areas and urban centers. The contribution of fisheries to GDP remained relatively constant during the period [1988] [1989] [1990] [1991] [1992] An open-access fishery will lead to over-fishing from both biologicaland economic points of view. Biological over-fishing occurs when the growth of the stock is lower than the rate of harvest. In this sense, groMh and recruitment over-fishing were likely to happen. Economic over-fishing occurs because fishermen are attracted by expected high rates of return from harvesting the fish stock. This tends to continue to attract investment long after the rate of return from the fishery becomes negative (FAO, 1997) . This phenomenon was clearly explained by Gordon (1954 November) . The types of fishing gear operated depend on both area and season. IFR Joumal Vol. 7 No.1. 2001 Production system of the fishery Most floodplain river fisheries experience increased fishing during periods of low flow with the greatest catch per unit of effort (CPUE) often associated with falling or rising water levels (Jackson, 1989; Malvestuto, 1989) . Fish are more concentrated in low waterand tend to become migrationally active during rising and falling water. Hence, they are more susceptible to capture during these times. In this regard, the structure and functional composition, as well as abundance of fish stocks, are reflected in the types and intensities of fishing effort operated during this time of the year. Fish stock typically recover from intense low water exploitation during the high water season, when fishing efficiency is low due to dispersion of fish in newly inundated areas.
Although Jackson (1989) and Malvestuto (1989) The composition of the fish stock may vary both spatially according to types of resource and temporally due to variation in spawning success (Gulland and Garcia, 1984) . Each species of the fish stock specialises to take advantage of a limited range of foods but is also able to switch its feeding preference as the season progresses to take advantage of food sources which become abundant for limited times. This indicates that many species of fish respond to the diversity of available foods. It is obvious that fisheries management entails a complex and wide-embracing set of tasks, aimed at ensuring that the optimal benefits are obtained for the local users, stakeholders who are involved in the fishery. However, in this context, this paper introduces one possible method of assessing management options for the inland fishery resource using a bioeconomic approach.
METHODOLOGY
The inland capture fishery system in South Sumatra, Indonesia, may be simplified into four submodels, i.e., biological submodel, (social) economic submodel, bioeconomic submodel and management submodel. The biological submodel describes the population dynamics of the fisheries. The economic submodel describes the prices, revenues and costs from harvesting the fish stock using a composite production factor called fishing effort. The bioeconomic submodel describes the combination of biological and economic models applied to the fishery. The management submodel describes the policies and regulations which might be imposed by the manager.
Models for Assessing Management Options
Surplus production models of Schaefer (19S4) and Fox (1970) are used in this study which simply written respectively as: -qXE where K is carrying capacity, a parameter corresponding to the unfished equilibrium stock size, r is intrinsic growth rate of the fish, X is fish stock, E is fishing effort and q is catchability coefficient. The continuous form of the Schaefer model in equation (1) assumes that the growth rate to fish stock relationship is logistic. The Fox model on the other hand, assumes a'Gompertz growth' fish stock relationship (Yoshimoto and Clarke, 1993) . This modelexhibits an asymmetrical stock production curve. The model, in turn, describes an exponential relationship between fishing effort and stock size. Those are similar in the sense that they show a decline in catch per unit of effort (CPUE)with increasing fishing effort. Both stock production curves imply that at a lower level of effort, each additional unit of fishing effort will add a positive increment to the sustainable catch. However, additional catch declines as fishing etfort increases further. Beyond the maximum point of the sustainable yield curve, an additional unit of fishing effort will decrease the sustainable catch. The two models differ in terms of their definition of the relationship between catch per unit effort and ftshing effort. The former model assumes a declining linear relationship whereas the latter assumes a declining logarithmic relationship as shown respectively in the following equations:
(3) =-a-bE E (4) t"(;)=a-bE Following the Gordon (1954) formulation, totalcost and total revenue of the fishery are expressed in terms of fishing effort. lf fishing effort has no effect on factor price, cost per unit of fishing effort is constant. Hence, the relationship between total cost and fishing effort would be linear. This means that the average and marginal costs of fishing effort are the same. The total cost of fishing (TC), marginal cost (MC) and average cost (AC) can be written as (5) TC=cE (6) AC=MC=c where c is cost per unit of fishing effort. Then, total revenue (TR), marginal revenue (MR) and average revenue (AR) functions are: AR=p(a-bE) where p is price of fish, a equals qK, b equals (qrK)/r. This modelcan be used to find the levelof effortwhich results in MSY and maximum economic yield (MEY) in the long run.
RESULTS AND DISCUSSIONS
The data used in this syudy were abtained from the fisheries service of South Sumatera (Appendix 1a) and across-sectoral survey in 1999. Using the data in Appendix 1, the calculated effort, catch, cost, revenue and profit derived from the inland fishery in South Sumatra are presented in Table 1 . lt should be noted that the level of effortwhich maximises social benefit is represented by the MEY condition which sets price equalto marginalcost. An unregulated fishery is represented by the'bionomic'condition which sets average revenue equal to average cost.
These figures imply that the average level of effort should be reduced by 34 per cent in order to reach MEY and by 6 per cent to reach the MSY; however, the calculated catch will increase by 10 per cent and 21 per cent, respectively. lt should be noted that a such great reduction in effort may require a reduction in the number of fishers and create unemployment.
Since the current situation indicates over-fishing, the authorities should impose regulations to maintain sustainability of the resource.
The biological parameters in terms of catchability coefficient (q), intrinsic growth rate (r ) and carrying IFR Joumal Vol. 7 No.l. 2001 capacity (K) in the resources can be estimated. This, in turn, considers a 'base case' representing the existing situation for the inland fishery (Appendix 2). With this, policy options can be incorporated into the'base model'.
SUMMARY AND CONCLUDING REMARKS
In summary, the main policy implication derived from the study was that proper regulation of the inland fishery in South Sumatra would require controlof the total standardised fishing effort. Results indicate that the fishery has been over-fished. Therefore, to achieve the purpose of an economically efficient management policy, the level of fishing effort should be reduced. That would result in a reduction in average cost per unit of effort. However, reducing fishing effort indiscriminately is not desirable; the reduction in fishing effort should be accompanied by creation of alternative prod uctive activities Based on the Gordon-Schaefer approach (Panayotou, 1982) , the opportunity cost of fishing was included in the bioeconomic model, hence the objective of fishery management was to maximise social yield. Given this revised objective, the reduction in average fishing effort required to achieve optimum resource allocation was less than in the standard bioeconomic model.
With very limited data as shown, many interesting aspects of the fishery were left unexplored. However, the surplus production modelwas the best option avail- 
